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^x.jȕȉ+Dɜɿ Caenorhabditis elegans Hȗ*ðȉ2ǷũſɅS
na2ʒƲHȧƔʒǃHʂ'$ðȉ2´Ƿ/ŏDſɅSnaHʒǃD$
>2ņ˿Ɍ,*C. elegans2´ǷɦƁȑʣHʍ($´ǷɦƁ,315+˼ɩ
E$Àµ3 22´ǷåȀŵ?ȕĿ+D20@ 25+˼ɩE$Àµ3 22























































ȭBE*DC. elegans/3 L1L2L3L42 4(2ŦɿƹDL12Ƴƹ





ɑɪÕ2ǕɫÝľ@ɦƁŦɿvO?ʍ('*D (Bargmann and Horvitz, 








 ɜɿ C. elegans3˩˧Ďµ+µ˘ɍ 1 mm2˰ŊȕƁȕȉ+CÐ 959
À2µɑɪƧ2& 302Àȵɔɑɪ+D(Brenner, 1974)EBȵɔɑɪĎĳ2ò
ŀ^mx`Ā6Vhxɕč3ˬľ˹Ż˗/ADʒǃBƲB,.'*CȵɔĞ













C. elegans2Zq DNA2Ðįīˍß3Ķɑɪȕȉ+3ȝà>/ 1998ť
/ǣŅE*CZq\Ma3jðȉ2+?Ȋ/Ŕɍ 100 Mb+D(C. 
























ðȉ2ʏɑɪ+3Î3 7ĞɲʦʻĨ G esWʨÓųĨąŉµesWʨ(GPCR)2
lx^/ACąŉEDE3k`j^,Ĕ4ED 3 ˔µ G es
WʨHǭƁò!"2 α \wnhk/AC{`{_P`ic(PDE)ǭƁò
!DPDE ǭƁòD,ȔȋXKq^ˏ(cGMP)ÝʒEDƴ˟+3
lx^? PDE?ǭƁò*CɑɪÕ cGMPȂũ̀"EB cGMP»Ŀ
Ɓgp(CNG) /ɕčD$>gp˛ƤEɮÝǐ*Dƪ+ƲD
</ÜD,lx^k`j^HǭƁòB/ PDE ǭƁò*
cGMP HÝʒD$>ʏɑɪ2ɑɪÕ cGMP ȂũǵŕD,+gp˚









"2ñ/ŏ*ʛğʂðHʪ(Bargmann et al., 1993);$ēʐHŭʪǠǻ






žˈʂðHŭʪ(Ward et al., 2008)EB2ƈʐnÕ/3ɭǍðȉ2ƈ
ʐnÕ/ĿĥDƅĬ°˂ɔʫ,A²$ÝľɔʫĿĥDAWC ƈʐn
+ąŉED Benzaldehyde 3"B GPCR /A'*ąŉED,ɤBE
*CǭƁò$ GPCR  Gα esWʨ+D ODR-3 HǭƁòB/XKn
ˏ^Wc(GC)+D ODR-1ǭƁòED,+ cGMP2čƋ¾ʿED,








ĿƁ2gp+3.transient receptor potential (TRP) gp+D OSM-9Ǖ
ɫ*DASJƈʐn3ÎHƈȭDn+CASJƈʐn
Õ/ĿĥDÝľƅĬ°˂ɔʫ3ɭǍðȉ2Ýľɔʫ,˺²*D
ÎƅĬHąĄ'$˦2ɲˬ³2ĴòɭǍðȉ,ɜɿ+3ʹ+D(Liu et al., 2010)
ÔµȤ/3ɭǍðȉ+3ÎHąŉD,k`j^, PDE ǭƁò
cGMPHÝʒ* CNGgp˚DƪC. elegans+3ASJƈʐn









E;+/Ƿũb\,* TRPgp2ĿĥȭBE*D(Dhaka et 
al., 2006)TRPgp3MRgp+CTRPCTRPVTRPMTRPATRPN
TRPPTRPML2 7(2\wvJH?&tkBɜɿ;+Ũ¿ĿE*D









/*Ƿũ3/ AFD ƈʐn@ AWC ƈʐn+ąŉED,
ĬĒE*D(Kuhara et al., 2008; Mori and Ohshima, 1995)AFDǷũąŉn
/*3TRP gpǷũąŉHʂ2+3.AFD ƈʐnȊȞȤ
/ȣȑ*DbxeĨ2XKnˏ^Wc(rGC)/gcy-8gcy-18gcy-23 Ƿ













n@ RIA¦ĥn7,°˂EǷũʩƁHŭʪ(Aoki and Mori, 
2015) 





















$̄ ġ 12 ̅; ˼ ɩǷũ,´ǷåȀǷũ2ǎʘHʂ'$ɜɿ2ȕɩǷũ313
































20;$3 252"E#E2Ƿũ+˼ɩ$ÀµHȗ´ǷåȀH 2+ 48Ƴ˜
Dǀ­+ʒǃHʂ,,$2´ǷåȀǀ­2,˓ȕǈ2ȕĿȐ315













ǈ3üBŁò$ŵ/ L1L2L3L4, 4(2ŦɿƹHɔ*Ƌɿ/.D(Cassada 










Ŧɿƹ;+H 25+˼ɩ"2ŵ 15/ȹ*Ƌɿ;+ȕɩ!$Àµ/ 2+ 48
Ƴ˜2´ǷåȀHD,9,I-ȕĿ$(ġ 3B)2ʄȑĨ3üBƋɿ;
+H 15+˼ɩə$Àµ2ʄȑĨ,Ďǒ+'$Ďǒ/üB L2L3;$















ŵ 25/ 1Ƴ˜2Ƴ˜3Ƴ˜5Ƴ˜7Ƴ˜10Ƴ˜;$3 12Ƴ˜ȹ$ŵ/




25H 3 Ƴ˜ɔ˿!$Àµ+3´ǷåȀŵ2ȕĿȐ 50%HĞ'$10 Ƴ˜
«+9,I-2Àµ´ǷåȀŵ/ǚǼ 252´ǷɦƁ2ʄȑĨ,Ďǒ2ɕǅ
ŸBE$(;C˼ ɩǷũH 15B 25/^vk!Dĭč33Ƴ˜«2 25
,Ʃ$.Ƿũ2ɔ˿´ǷɦƁHǱĺ!D$>/Žʋ+D,ȳęE$ 
Ǘ/25+üBƋɿ;+˼ɩ"2ŵ 15/ 1Ƴ˜2Ƴ˜3Ƴ˜
5Ƴ˜7Ƴ˜10Ƴ˜;$3 12Ƴ˜ȹ$ŵ/"E#E/ 2+ 48Ƴ˜2´Ƿ
åȀH$(ġ 4B)D,25˼ɩÀµH 15/ 1 Ƴ˜ɡ$%+39,I
-2Àµ´ǷåȀŵ/ǚǼ15+˼ɩə$ÀµȳA.´ǷɦƁ3ȏŸ









B/20B 2520B 1515B 2025B 20,
 202Ƿũĩ?đ>*´ǷɦƁȏŸ,Ǳĺ/DƳ˜Hǎʘ$(ġ 5)20+ü
BƋɿ;+˼ɩ"2ŵ 25/ 1Ƴ˜B 12Ƴ˜ȹ$ŵ/"E#E/ 2+
48 Ƴ˜2´ǷåȀHD,25H 2 Ƴ˜«ɔ˿Dǀ­/*9,I-2
Àµǚ0ʄȑĨʑōE$(ġ 5A)B/20+üBƋɿ;+˼ɩ"2
ŵ 15/ 1Ƴ˜B 12Ƴ˜˯ɡ$ŵ/"E#E2Àµ/ 2+ 48Ƴ˜2´ǷåȀ
H$ĭč?15H 2Ƴ˜«ɔ˿!$ǀ­+9,I-2ÀµȕĿ+Dʄȑ
ĨʑōE$(ġ 5B)ƪ15+üBƋɿ;+˼ɩ"2ŵ 20+ 1 Ƴ˜
B 7Ƴ˜˯ɡ$ŵ/"E#E/ 2+ 48Ƴ˜2´ǷåȀH$ĭč3 7Ƴ˜
« 20Hɔ˿!*?9,I-2Àµ´ǷåȀŵ?ȕĿ*C202´Ƿɦ
Ɓ2ʄȑĨ7,Ĵò*.'$(ġ 5C)Ďǒ/25+üBƋɿ;+˼ɩ"





25+˼ɩŵ/ 20+ 10Ƴ˜˯ɡ!$Àµ+3´ ǷåȀŵ2ȕĿȐ










.'$ǀ­+ 2+ 48 Ƴ˜2´ǷåȀH$(ġ 6A)"2ɕǅ15˼ɩÀµ/˝











































ȕ2~`eğľ+D OTXĨʮÖğľ/TTX-12ĴȞµ(ttx-1) (Satterlee et al., 2001)
AWC Ƿũąŉn2ǷũƅĬ°˂/˝GD 3 ˔µ G esWʨ/ODR-3 2ĴȞ





LIM {RlMʮÖğľ/TTX-32ĴȞµ(ttx-3) (Hobert et al., 1997)AIY2Ǯ/
³ɡD RIA ¦ĥn2^mx`ŗĥ/˝GDMq^kqvQ`vJe
c/TTX-72ĴȞµ(ttx-7) (Tanizawa et al., 2006)B/AFDAWCRIA2^mx
`°˂/˝GDXeˏʳʸµ/EAT-4 2ĴȞµ(eat-4)Hȗ*´ǷɦƁHʒǃ
$(Ohnishi et al., 2011)"2ɕǅEB2ĴȞµ+3 15˼ɩŵ20˼ɩŵ;$














et al., 2002)ˁÿ/ʂGE$ʒǃBtax-6ĴȞµ2ȊŅ2ȵɔɑɪ+ tax-6 2ˇ°ľ


















Ɠ/˝GDŧ(2ˇ°ľ2ĴȞµHȗ*´ ǷɦƁHʒǃ$,F(ġ 10ʄ 1)
IFT complex B/ che-13 , IFT52/osm-6 2ĴȞµ+ 20˼ɩŵ2´ǷɦƁ2Ȟţʑō
E$(ġ 10A)2 2 (2ˇ°ľ38*2ƈʐn+ȣȑ*D,B
 E2ƈʐn´ǷɦƁ/˝D,ȳęE$(Collet et al., 1998; 












µ2´ǷåȀŵ2ȕĿȐɍ 90%,˹ɻ.Ȟţ<BE$(ġ 10B)TAX-43˸ˌ2 10
ŏ2ƈʐn+ȣȑ*D(Coburn and Bargmann, 1996 ; Komatsu et al., 1996) 
(ʄ 1)"+ȊŅ2ƈʐnȊȞȤ/ȣȑDˇ°ľ2xe2Ǯ
/ tax-4 cDNAH(.%.%x`lH·ʇ"EH tax-4ĴȞµ+ȣȑ!$
tax-4 k`_OnhWɌɗH·ʇ$tax-4 ĴȞµȳ´ǷɦƁ2Ȟţ3trx-1
xeHȗ*tax-4 ĴȞµ2 ASJ ƈʐnȊȞȤ/ tax-4 ˇ°ľHȣ
ȑ!$,/Ƹ?˹ɻ.ĞźʍBE$(ġ 11);$str-3xeHȗ*
tax-4 ĴȞµ2 ASI ƈʐn+ tax-4 ˇ°ľHȣȑ!$ĭč/?ǐG +
D tax-4ĴȞµȳ´ǷɦƁ2ıů´$ƪceh-36xeHȗ







´ǷåȀŵ2ȕĿȐ̀.DȞţ<BE$(ġ 12)B/˓ ȕǈ2 ASJƈʐn
HɸɎ]/ACȉȓȤ/ȱĲD,+tax-4 ĴȞµ,Ďǒ2´ǷɦƁ

































D(Miyawaki et al., 1997)ʻţɑɪÕS^NȂũ´ȋƉ+3440 nm 2ï
ʪÎHŰ*D, CFP 2ʀÎʑōEDɑɪÕ7S^NMRǮÏD,
cameleon 2S^Nɕč\Mk/"EBɕčCFP , YFP Ƨ nm /ƜʶD
"2ɕǅCFP 2ʀÎʀÎÓ́PpVȹð̄FRET̅,Ĕ4EDPpVȹ
ð/AC YFP /ȹðYFP 2ʀÎ?ʍBEDA/.D2Ƴ2CFP , YFP 2
ʀÎ2ǝ(YFP/CFP)HʔɆD,+ɑɪÕS^NȂũHŅ˔òD,+D
E;+/ǷũʩƁ/DǷũąŉn+D AFD @ AWC 2ǷũſɅƁ
cameleon Hȗ$S^NM_X/A'*ʒǃE*D(Kimura et al., 
2004; Kuhara et al., 2008)AFD ƈʐn@ AWC ƈʐn3ǷũåȀH
D, YFP/CFP 2ÄķĴòDƪ+ǷũąŉHʂG. ASH ƈʐn
@ ASE ƈʐn+3ǷũåȀH*? YFP/CFP 2Ä/ĴòʪB
.,ĬĒE*D(Kuhara et al., 2008) 
15˼ɩŵ2˓ȕǈ2 ASJ ƈʐn2ǷũſɅƁHS^NM




ʍBED CFP , YFP 2ʀÎÄHʖ˖ǸŅ$"2ɕǅ˓ȕǈ2 ASJ ƈʐn
+3Ƿũư,ˡ/±ɑɪÕS^NȂũ?ư,ˡHȳŅţȋƉ







+3ɍ 20%2 YFP/CFP2ĴòʍBE˼ ɩǷũ̀9- YFP/CFP2ĴòÄ?ư
Ƿũ/ŏDĂſƁ̀.'$(ġ 14B)Ǘ/´ǷɦƁ/ȞţHȳ$ tax-4
ĴȞµHȗ*ASJƈʐn2ǷũſɅƁHS^NM_X+ʒǃ
$"2ɕǅtax-4 ĴȞµ+3ǷũåȀH*? ASJ ɑɪÕ2S^NȂũ3
;CĴò! Ƿũ/ŏDĂſƁHȳ.'$(ġ 15A, B)tax-4 ĴȞµ2 ASJ
ƈʐn+2< tax-4 ˇ°ľHȣȑ!$Ɍɗ/˝*?S^NM_
XHʂ'$,F2Ɍɗ2 ASJ 3ǷũåȀ/ŏ*ĂſʍBEǷũſɅƁ2
ȞţĞź$(ġ 15A, B) 
ASJ ƈʐn3Îąŉn,*ȭBE*DȊ/ɐĵ
BˮɸÎHƈȭD,ȭBE*D¥Ğ2S^NM_X/¸ȗ$
























 E;+2ɕǅB´ǷɦƁ2ƋɁ/* ASJ ƈʐnǷũH
ąŉ*D,G'$ASJƈʐn3Îąŉn,*ȭBE*
CASJ Õ/*ÎƅĬ°˂/˝GDÝľɔʫƲB,.'*D(Liu et al., 
2010) (ġ 16A)Î3˸ˌ ASJ n2ǔȋȿʪÍɂ/ŗĥ*DÎąŉµ
LITE-1+ąĄBE3˔µ GesWʨ α\wnhk+D GOA-1, GPA-3Hǭ
ƁòXKnˏ^Wc+D DAF-11 , ODR-1 H¦*ɑɪÕ cGMP ȂũH
Ĵò!"E/A'* cGMP»ĿƁgp TAX-42˛ĆHäŹD,+ɑɪÕ
ƅĬ°˂Hŭʪ;$cGMP HíǠÝʒD{`{_P`ic PDE-1
PDE-2"* PDE-5 ? ASJ Õ/*Ǖɫ*DEB ASJ ƈʐn2
ÎąŉƅĬ°˂+ǕɫDÝľ´ǷɦƁ2äŹ/Óʻ*D-Hʞ8D$
>ASJ 2ÎąŉƅĬ°˂/˝GDÝľ2ĴȞµ/(*´ǷɦƁHʞ8$(ġ 16B)
ASJ/ĿĥDĚ2Îąŉµ+D LITE-1HǖƠ$ lite-1ĴȞµ3˓ ȕǈ,9:
Ďǒ2ʄȑĨHȳ$,BÎąŉµ3´ǷɦƁ/˝.,ȳęE$ 











D,+ACů´ǷɦƁ2ȞţʍBE$ (ġ 16Bgoa-1; gpa-1 ˒ĴȞµ
goa-1; gpa-3 gpa-1˒ĴȞµ)Ďǒ/XKnˏ^Wc2ĴȞµ+D daf-11
, odr-12´ǷɦƁ2Ȟţ? daf-11; odr-1˒ĴȞ/D,+9: 100%2ȕĿȐ
HȳȞţʑōE$(ġ 16B)(;CEB Gα esWʨ@XKnˏ^W
c3ʈƧ2Ýľ"E#EÓĎ*Ǖɫ*D,ɤBE$ƪ+EB2
ˇ°ľ3 ASJ ƈʐn«ĵ+?ȣȑD,ĬĒE*DGOA-1 39
:Ð*2n+ȣȑ*CGPA-1, GPA-3? ASJƈʐnHđ=ʈ














Ǘ/EB2 Gα esWʨ2ĴȞµ2´ǷɦƁ2Ȟţ ASJ Ƿũąŉn
2Ȟţ/AD?2Hʞ8$ÔµȤ/3goa-1; gpa-3 gpa-1 ˒ĴȞµ2
ASJƈʐnȊȞȤ/3(2 GαesWʨ2 cDNAHȣȑ!$k`_
OnhWɌɗH·ʇ´ǷɦƁHʒǃ$"2ɕǅgoa-1; gpa-3 gpa-1˒ĴȞµ
ȳ 20˼ɩŵ2´ǷɦƁ2ȞţˌÝȤ/Ğź$(ġ 18)ƪASE ēʐn
@ǷũʩƁ2ȵɔĞʫ2 AWCǷũąŉn+ 3(2 GαesWʨ
2 cDNAHȣȑ!$ goa-1; gpa-3 gpa-1˒ĴȞµ+3´ǷɦƁ2Ȟţ3Ğź.
'$(;CEB2 GαesWʨ2 ASJƈʐn/DǕɫ´Ƿ
ɦƁ/˒ʋ+D,ȳęE$goa-1; gpa-3 gpa-1˒ĴȞµ2 ASJƈ






Gα esWʨ2 cDNA HĎƳ/ȣȑ!$˒ĴȞµ+?"E#E2 Gα esW
ʨɳʭ2xeHȗ*"EB2GαesWʨ2 cDNAHĎƳ/ȣȑ!$
˒ĴȞµ+?ˌÝȤ.ĞźʍBE.'$(;CASJƈʐnȊȞȤ/






















/ǷũHĴò!$˦2ȵɔǭð2ĴòHʄ*CMin 3 23B 177ǷũH
ƌ$,2ŅţȋƉ72ƌCÔčHʄ*D;$17B 2372ǷũĴò
H 1 ǗǷũåȀ,23B 1772ǷũĴòH 2 ǗǷũåȀ,ʍ.2 2 Ǘ
ǷũåȀ/ŏDĂſƁH Max-Min +ʄ*D2317232ǷũåȀH
$ĭč?Ďǒ/ƸķĴòÄH MaxƸŔĴòÄH Min,EB2ŠH Min-Max
+ʄ$20+˼ɩ$˓ȕǈ/ 1723172ǷũåȀHD,Ƿũ





HD,Ƿũ´/±ɍ 10%2 YFP/CFP 2´<BE$ (ġ 19C)2











òHʞ8$,Fgpa-1ĴȞµ2<+ Max/G .ȞţʍBE$(ġ 20B, F)
2ÈĐ3goa-1; gpa-1˒ĴȞµ@ goa-1; gpa-1 gpa-3˒ĴȞµ/?ʍBE$(ġ 20D, 
E, F)2317232ǷũåȀH$ĭč/?gpa-1ĴȞµ2<+ Max/G 
.ȞţʍBE(ġ 21B, F)Ķ˒ĴȞµ+?Ďǒ/Max/G .ȞţʍBE$(ġ
21D, E, F)(;CEB Gα esWʨ2Ķ˒ĴȞµ/D Max 2Ȟţ3 gpa-1
ĴȞ/A'*ŭʪE*D,ɤBE$;$goa-1; gpa-1 gpa-3˒ĴȞµ/
*?ASJ2ǷũſɅƁńÐ/ǖƠ*.,B ASJ+ǕɫD¨2ƻĎ
Ņ2 GαesWʨĿĥ"E goa-1; gpa-1 gpa-3˒ĴȞµ2 ASJ+Ǖɫ*










3 Min , Max-Min /ȞţHȳ$(ġ 22)ƪ2317232ǷũåȀ/ŏ












pde-2ĴȞµ, pde-3ĴȞµ/* Max2ȞţʑōE$(ġ 24B, C, G)2ÈĐ
3 pde-1 pde-5; pde-2˒ĴȞµ+?ʍBEB/ pde-1 pde-5; pde-3; pde-2ĝ˒ĴȞ
µ+3ȞţıůE$(ġ 24E, F, G)B/pde-1 pde-5; pde-3; pde-2ĝ˒ĴȞµ
+3Min, Max-Min2Ä?´.'$ (ġ 24F, H, I)ʻ ţPDEǖƠD,+














AC? Max2Ä̀.DȞţʍBE$(ġ 25C, G)pde-1 pde-5; pde-3; pde-2ĝ˒
ĴȞµ+3Ä´.'*$(ġ 25F, G) 
ASJƈʐn2S^NȂũ3 17B 2372 warmingƳ/ư
23B 1772 cooling Ƴ/3ǵŕDpde-3 ĴȞµ+3231723
2 coolingåȀH$ĭč/˓ȕǈAC?ĂſƁŮ.'$(ġ 25C, G)ƪpde-5
ĴȞµ+31723172 warmingåȀH$ĭč/˓ȕǈAC?ĂſƁů
.'$(ġ 24D, G)E3PDE-3 coolingåȀ/ŏ*2Əäğľ,*Ǖɫ
PDE-5  warming åȀ/ŏ*2Əäğľ,*Ǖɫ*D,Hʄ*D,ɤ
BE$EB2ɕǅ3Ķ2ðȉ/*PDE S^NǮÏHƏäD
,ǕɫH?(,,ȬȪ.'$Ǘ/PDE-3 @ PDE-5 ˇ°ŀȤ/ G e
sWʨ2Ǯ+Ǖɫ*D2HȲ>D$>/gpa-1ĴȞµ, pde-3;$3 pde-5
ĴȞµ2˒ĴȞµH·ʇASJƈʐn2ǷũſɅƁHʒǃ$(ġ 26, 27)





2˒ĴȞµ3 pde-5ĴȞµ,Ďǒ2ǷũſɅƁHȳ$(ġ 26)B/pde-3; gpa-1
˒ĴȞµ/ŏ* 2317232ǷũåȀH$ĭč/?2˒ĴȞµ
3 pde-3 ĴȞµ,Ďǒ2ǷũſɅƁHȳ$(ġ 27)(;CÝľɔʫ/* PDE
3 GesWʨAC?Ǯ/³ɡ*D$>ȵɔǭðy/*? PDE 2Ĵ






BEGαesWʨ,* GOA-1, GPA-3XKnˏ^Wc,* DAF-11,
ODR-1{`{_P`ic,* PDE-1PDE-2PDE-5ǕɫDǷũƅĬ
°˂/3 GPA-1 , PDE-3 ?ǕɫD,G'$B/pde-3 ĴȞµ3 cooling
åȀ/(ġ 25)pde-5 ĴȞµ3 warming åȀ/ŏ*ȞţHȳ$,B(ġ 24)Ƿ
ũåȀ2Ȼ˺/A'*ǕɫDÝľȞ.DĈɫƁ?ɤBE$¥Ğȗ$
ĴȞµ/* ASJ ƈʐn2Ƿũ/ŏDſɅƁńÐ/3ǱǼ*.














































´ǷɦƁ3ɍ 3Ƴ˜+ȏŸǱĺED$> (ġ 4)ʈƧ2ɓɠH¦*´ǷɦƁHȏ
ŸD$>/3ASJƈʐn2ȵɔǭðĴòƳȤ.?2+öÝ.2˘
Ƴ˜/G$CŽʋ.2Hʞ8DŽʋ'$"+15˼ɩÀµ/ 17B 23
2ǷũåȀH"2ŵ5 Ƴ˜ 232ǷũåȀHə$ĭč2 ASJ ƈʐn
2ȵɔǭðHS^NM_X+ʞ8$(Ujisawa et al., 2014a) (ġ 30B)Ƿ
ũåȀHDè,ǷũåȀŵ 30Ý1Ƴ˜3Ƴ˜5Ƴ˜2Ƴȃ+2 ASJ2ȵɔ
ǭðȋƉHʒǃ$ɕǅ30 Ýŵ/ ASJ 2ǭðƸķ,.Cɍ 1 Ƴ˜ŵ/ŅţȋƉ
/ƌD,G'$;$ģȘB2ʒǃB´ǷɦƁ/3ɰ%+.Ɋľ˝
GD,G'*$Ɋľ2ĴȞµ+DxiM{`vJec 1(PP1)H[
lD GSP-4 2ĴȞµ/* ASJ ƈʐn2S^NM_XʒǃH












RNAi/AC eri-1; lin-15BɌɗ2 pros-1(ceh-26)ˇ°ľHqhWfN!2qhW
fNÀµ2 ASJ ƈʐn2ǷũſɅƁHS^NM_X+ǸŅ$ 
(Kage-Nakadai et al., 2016) (ġ 31)"2ɕǅ15@ 20+˼ɩ$ pros-1qhWfN


























23B 17/˼ɩǷũHĴò!$˦/ȣȑ˔ĴðDˇ°ľ 79 ÀĿĥ$
(Sugi et al., 2011)EB2ˇ°ľ&2ŕ.,? 20À2ˇ°ľ/(*3ĴȞµ2
ĿĥÒʄE*$$>"EB2ĴȞµ/(*´ǷɦƁHʞ8$"2ɕǅX
[^blčƋˎɎ CGT-1^ `iMxiKc CPR-1tlU^`i
Ml 17β ɮǠɎˎɎ DHS-4Xb-3-ˏɮǠɎˎɎ GPDH-1 H"E#E[
lDˇ°ľ2ĴȞµ/*20+˼ɩ$Àµ2´ǷɦƁ/ȞţʍBE$
ƪdoublesexĨʮÖğľ2 DMD-7@ GαesWʨ2 GPA-7H[lDˇ°ľ2
ĴȞµ+325+˼ɩ$Àµ2´ǷɦƁ/ȞţʍBEPl|oWKc













ȑʞɇHE*D2Hʞ8D$>/Ņ˔Ȥ PCR ǧHȗ*EB 7 (2ˇ°
ľ2 mRNA 2˔H˓ȕǈ,M`ąŉµ daf-2 ĴȞµ/*ǸŅ$daf-2 Ĵ
Ȟµ3̀Ƿ+˼ɩD, dauer /.'*;$>˓ȕǈ, daf-2 ĴȞµH"E#E
15˼ɩÀµ15+ L4 ;+˼ɩŵ 20+ 12 Ƴ˜˼ɩ$Àµ;$3 15+ L4
;+˼ɩŵ 25+ 12 Ƴ˜˼ɩ$ÀµB"E#EµÕ mRNA HƑÜŅ˔Ȥ
PCRʒǃHʂ'$(ġ 34); 25˼ɩŵ2´ǷɦƁ/ȞţHȳ*$ gpa-7ˇ°
ľ2 mRNA˔H˓ȕǈ, daf-2ĴȞµ+ǝ8$,F25+˼ɩ$ daf-2ĴȞµ/

























, Δ9 j\gcH[lDˇ°ľĿĥ"EB3DAF-16 /A'*
ȣȑäŹHąDǓȤˇ°ľ,*ȭBE*DEBǖƠD, C. elegans2´










zQ       
 [~17>:<HVBj{Y
 


































,ȳęE$(ġ 16)ąŉµ3Ȟ.CÎąŉµ+D LITE-1 3Ƿũąŉ




et al., 2016)ASJƈʐn+3ɷȤ/ GC 2Ǯ/³ɡD GαH


















DAF-112ĴȞµ/ǝ8*ODR-12ĴȞµ2ƪ´ǷɦƁ2Ȟţů'$̄ ġ 16B ̅
(;C̀Ƿ`k`/3 DAF-11 /É´ǷɦƁ/3 ODR-1 /É,

































D,ĬĒE*D (Kodama et al., 2006)M`ƅĬ°˂ɔʫ+3M`





















Ƿũ/»Ŀ*ȣȑ˔ĴðDˇ°ľ+D gpdh-1(Xb 3 ˏjtl




4EDǰʺĤHʞɇDɑɪ+ʞɇE*Cdoublesex ĨʮÖğľ2 dmd-7 @b






*DEB2ˇ°ľ2ÕĤHɚƓD$>2 excretory cell+É´ ǷɦƁ/
˝*DĈɫƁ?ɤBEDcgt-1cpr-1dhs-4dmd-7gpa-7gpdh-1M60.2
ˇ°ľ3C. elegans˓ȕǈH̀Ƿ(23)B´Ƿ(17)/ȹ$,/ȣȑ˔ıǵ
D(Sugi et al., 2011)EB2ˇ°ľ2ĴȞµ+Dcgt-1cpr-1dhs-4gpdh-1ĴȞ
µ3 20˼ɩŵ2´ǷɦƁ2ȞţHȳdmd-7ĴȞµ, gpa-7ĴȞµ325˼ɩŵ
2´ǷɦƁ/ȞţHȳM60.2 ĴȞµ3 20;$3 25˼ɩŵ2´ǷɦƁ/ȞţH





























Õ+3 G esWʨɔʫH¦*ǷũƅĬ°˂ʂGED3 ˔µ G es
Wʨ2Ǯ/ĿĥD,ɤBEDǷũąŉ/˝GDąŉµ3;%ʍ('*.
^N_NrP+3Îąŉµ+Dlx^Ƿũąŉ/˝GD,ĬĒ?















C. elegans 2˼ɩǧĪĦ@ Buffer 2ɓƋɃ3 THE NEMATODE CAENORHABDITIS 
ELEGANS /ŷ'$(Wood and Researchers, 1988) 
 
Strain 
N2 Bristol (˓ȕĨ) 
RB1415 catp-3 (ok1612), VC693 cgt-1 (ok1045), RB2095 clec-67 (ok2770), PR674 
che-1(p674), CB1033 che-2(e1033), CB3323 che-13(e1805), RB1262 cpr-1 (ok1344), IK038 
daf-2(e1370), CB1377 daf-6(e1377), DR47 daf-11(m47), CX2454 daf-11(sa195); odr-1(n1936), 
FX2418 dhs-4 (tm2418), RB1772 dmd-7 (ok2776), eat-4 (ky5), eat-16(nj8), KP2018 
egl-21(n476), FX2468 F58E6.7 (tm2468), glc-3(ok321), MT2426 goa-1(n1134), NL332 
gpa-1(pk15), gpa-1(pk15); goa-1(n1134), NL335 gpa-3(pk35), NL795 gpa-7(tm5828), RB1373 
gpdh-1 (ok1558), PS3551 hsf-1(sy441), VC475 hsp-16.2 (gk249), hsp-16.41 (tm1093), RB791 
hsp-16.48 (ok577), RB883 kqt-2 (ok732), TQ1101 lite-1(xu7), CZ1758 max-1 (ju142), FX1770 
mtl-1 (tm1770), FX4977 M60.2 (tm4977), FX11134 pept-1(opt-2/lon-2) (tm302/e678), CX2336 
odr-1(n1936), MT3644 odr-3 (n1605), CX4 odr-7(ky4), PR802 osm-3(p802), PR813 
osm-5(p813),  PR811 osm-6(p811), CX0010 osm-9 (ky10), MT3641 osm-10(n1602), IK616 
pde-1(nj57), IK618 pde-2(nj58), pde-3(nj59), IK510 pde-5(nj49), IK792 pde-1(nj57); 
pde-2(nj58), IK794 pde-1(nj57) pde-5(nj49), IK796 pde-5(nj49); pde-2(nj58), IK798 
pde-1(nj57) pde-5(nj49); pde-2(nj58), pde-1(nj57) pde-5(nj49); pde-3(nj59); pde-2(tm3098), 





snt-1(md290), FK100 tax-2(ks10), FK127 tax-4 (p678), tax-6 (db60), IK659 tax-6 (db60); 
njEx343[tax-6p(1.1kb)::tax-6, ges-1 NLS GFP], IK1053 tax-6 (db60); njEx424[unc-14p::tax-6], 
trx-1(ok1449), trx-1(tm1786), IK615 ttx-1(p767), ttx-3 (mg158), ttx-4 (nj1), IK589 ttx-7(nj50), 
ttx-8(nj34), T28C12.4 (tm1013), CB1092 unc-54(e1092), MC339 unc-64(md130), CB1265 
unc-104 (e1265), unc-112 (r367); gkDf2 (X) 
 
ķɰɺ 
OP-50 ǈ: ɜɿ2˾,* NGM xk/Įš$ 
 
˹Ż˗ 
ʺˁŬņµ˹Ż˗ (Leica: MZ16) 
ʺˁŬņµʀÎ˹Ż˗ (OLYMPUS SZX12) 
Óȅȃ]˹Ż˗(FV1000-IX81 with GaAsP PMT, Olympus) 
 
Nematode Growth Medium (NGM) Plate (1000 ml) 
NaCl 3 gAgar (®ˊŌĸ) 20 gBacto Peptone (BD Falcon) 2.5 gH2O 975 mlHǴč
RkWw$ŵ/ Cholesterol (5 mg/ml in EtOH) 1 ml 1M CaCl2 1 ml1M MgSO4 
1 ml1M Potassium Phosphate (pH6.0) 25 mlHí$EHȨŴ 6 cm 2^/ 14 
ml ;$33.5cm2^/ 6 ml (Ýǩ*Ģ>$  
 
M9 buffer (1000 ml) 





1M MgSO4 1 mlí$ 
 
´ǷɦƁi`k 
20+˼ɩ$˓ȕĨ2 C. elegans H1 ;$3 2 Àµ ( OP50 ĮBE$Ʃ
2%(w/v)NGMxk/ǌɘ(P0)Č˼ɩǷũ(152025)+ 8-12Ƴ˜˼ɩȖ
ü!$P0Hˣÿü(F1) adult /.D;+Č˼ɩǷũ+˼ɩə$(15+
144-150 h20+ 85-90 h25+ 60-65 h)xk2 F1 70-150Àµ adult;+Ƌ
˘$ŵNGMxk2ŌĸÆH/Đ$ȋƉ+ǡ/ 20Ý˜$"2ŵ
xk/ 2+ 48 Ƴ˜2´ǷåȀH$´ǷåȀŵŇǷ/ĄCÜȕĿÀµ




;+ 15°C ˼ɩ$ŵ˼ɩǷũH 25°C /^vkƋɿ/.D;+˼ɩ$"
2ŵʻţ2´ǷɦƁi`k,Ďǒ/´ǷåȀHȕĿȐHǢ>$Ƌɿƹ/
*15°CB 25°C72Ƿũ^vkKhbMHDĭčɜɿHƋɿ/.D;+ 15°C
˼ɩ$ŵ˼ɩǷũH 25°C /^vk1-5 Ƴ˜˼ɩ$"2ŵ´ǷåȀH
$7-12Ƴ˜.-˘Ƴ˜ 25+˼ɩDĭč15+ L4Ŧɿ;+˼ɩ$,F+
25/ȹ$(Ujisawa et al., 2014b) 
 
Molecular biology 





3pDEST-tax-4cDNA(a gift from Dr. Iino) (Hirotsu and Iino, 2005)B PCR+ı@$
tax-4 cDNA, unc-542 3’UTRHđ=pTOM42 ASJȊȞȤxe,*¸ȗ
$ trx-1xe3pQZ37 trx-1p::ICE (a gift from Dr. Alcedo) (Miranda-Vizuete et 
al., 2006)B¸ȗ$ pTOM3 2 ASIȊȞȤxe,*¸ȗ$ str-3 x
e(3.1Kb)3pQZ36 str-3p::GFP (a gift from Dr. Alcedo)B¸ȗ$ pTOM10
2 AWC ȊȞȤxe,*¸ȗ$ ceh-36 xe(368bp)3pAK203
B¸ȗ$  
ŗĥʒǃ/¸ȗ$ trx-1p::gpa-1 cDNA::venus (pUDA14)3site-directed mutagenesis /
AC gpa-1 cDNA 2ɒǘ[lHçC gpa-1 cDNA H trx-1 xe, 
trx-1p::daf-28::venus (pOTA10) 2 venus ˇ ° ľ 2 ˜ / Ɨ Ï  $  trx-1p::gpa-3 




ˇ°ľœÏ3E;+/ĬĒE*$ƪǧH?,/ʂ'$(Mello et al., 1991)ˇ °ľ
œÏ2˦co-injection mix/3ņ˿/¸ȗD DNAH"E#E 5–50 ng/µl2Ȃũ+Ï
E$M_OW^~S/3 pKDK66 ges-1p::nls-gfp H 50 ng/µl, pNAS88 









_OW^/A'*œÏ$ˇ°ľœÏ+$?2/ɰ/ RFP 2ʀÎ, ASJ ƈ
ʐn/ cameleon 2ˮɸ2ʀÎʑōE$ŸBE$Àµ(F1)H 1 
NGMȹ15°C˼ɩ$ɳňąɊ/ACǗªHȕ;!F2/?ʀÎ
Ȳʚ+$,F+EHS^NM_X/¸ȗ$Ǘ/2ɌɗH






lite-1(xu7); Ex[trx-1p::yc3.60, ges-1p::taqRFP]?Ďǒ/·ʇ$ 
KHR80 goa-1(n1134); gpa-3(pk35) ,  KHR81 gpa-3(pk35) gpa-1(pk15)   KHR82 
goa-1(n1134); gpa-3(pk35) gpa-1(pk15)KHR88 pde-3(nj59); gpa-1(pk15); Ex[trx-1p::yc3.60, 




in vivo S^NM_X 










·H 3Ý«Õ/ʂ\xH Olympus IX81 microscope(Olympus Corporation, Tokyo, 
Japan)/ʅÇE*DzgOeMx2ǷũäŹʅɡ(Tokai Hit Co. Ltd., Fujinomiya, 
Japan) 2/ɡ2Ý9-ƤɡDual-View (Molecular Devices, USA) optical system.
Hȗ*ʀÎHʑō$ʀÎȜÊ3 EM-CCD S EVOLVE512 (Photometrics, USA)
+50-100 ms 2˭ÎƳ˜+ 1 ȸ,/ơŲ$KT`shl2Ƿũ3
MATS-5500RA-KY (Tokai Hit)2Ƿũ^`i/A'*ʖ˖$"E#E2ȜÊ2ʀÎ
ůũ3MetaMorph (Molecular Devices) image analysis software system/ACʒǃ$ ɑ
ɪÕ2S^NȂũ2ȩŏĴò3 cameleon2 acceptor/donor (YFP/CFP)ʀÎ2ǝ+ʔ






ɿ2ĢŅ/3ȨŴ 0.1 µm 2.5%(w/v) polystyrene microsphere Hȗ$2.5%(w/v) 
polystyrene microsphere 2þǲ;$3Ţː$ǻǲHKT`shl2/ 0.5 µl
³ (Ƨȃɡ$ɿHČȃ/ 1~Ƨóɡ@SrT`HƙDp
RM+őH*ɼȣHˠM_X$ǷũåȀH* 17B 23
/ư*DƳ˜H -1 sec.,23/ǷũŃŅ$,FH 0 sec.,$"2











(Kuhara et al., 2008; Mori and Ohshima, 1995 )˓ ȕǈ/ Ex[trx-1p::GFP, ges-1p::GFP]ˇ
°ľœÏE$ɌɗHȗ$5%(v/w)KT`shl2/25M NaN3H 4 µlɡ
ʖ2Ɍɗ2 L3L4 ŦɿH 2 óɡ$SrT`H*]ȱĲʅɡ
Micropoint system laser microbeam(Photonic Instruments, USA)+ ASJƈʐn2ǉ
HȌ'*]HȆŒ$2,ïʪT`/3ɀɎT`laser dye/3W~
(Methanol < 1% BPBD 365 (6 mM))Hȗ$ƈʐn3ŞĊ/ŏ2ɑɪµ
D$>ƪ2ɑɪµ2ǉHȱĲ$ASJ ƈʐn2 GFP 2ʀÎǱ
$2HȲʚSrT`HĄCM9 bufferH*ÀµHĞăNGM






`MlX`2/ 2%(w/v)2KT`ZH·ʇ100mM NaN3H 10 µlǽ
$"2/ 2-3ó2ƋɿHɡSrX`HD2xskH[







mRNA 2Ğă  
daf-2(e1370)3 25+ dauer /.D$>L1-L3 ŦɿƹH 25+˼ɩ+.˓ȕǈ
, daf-2(e1370)ĴȞµH 15+ 5 ƭ˼ɩ* L3 ŦɿƹHˁ$˴/20;$3 25
/ȹ* 1 ƭ"E#E˼ɩ$mRNA 
	ȗ$2 NGMM9 buffer Hȗ*ɜɿH
Ğă$Č˼ɩǷũ/*ĎƳƹ/§ʵI% 1-2 Ǆ2˼ɩxk3˄Þ.ʄ
ȑĨHȳÀµ2 mRNA ,E$ȲʚD$>´ǷɦƁi`kH$mRNA 2
ɜɿH˼ɩ$ NGM xkB M9 buffer +ĞăM9 buffer H 2 ĞÏEƷ*ķ
ɰɺ@Ŧɿ.-HǬǮ$ɊʇƎ˵3RNeasy kit (QIAGEN)2Ǝ˵ƶ/ŷ'$
ǬǯE$ÀµH 650 l 2 RLT buffer +ƊȁǲµɀɎ+ÙɕCǾ$ǻǲ
B RNA HĞă$ 
 
Ņ˔Ȥ PCR  
˓ȕǈ, daf-2(e1370)ĴȞµ2 mRNA Hʖ2Ǝ˵/ŷĞăɊʇHʂ'$Ɋʇ
$ mRNA H 100 ng /ʞʇiScript Advanced cDNA Synthesis kit for RT-PCR (Bio–
Rad)Hȗ*ʹʮÖ/AC cDNA HčƋ$Ņ˔Ȥ PCR 3 cDNA
Sso Fast EvaGreen Supermix (Bio–Rad) "* DNA Engine Peltier 
Thermal Cycler–CFX96 (Bio–Rad)Hȗ*ʂ'$Č Sample /(*kxYMk+
ʂŷǁ2 protocol / step5 , 6 Hí*KnXƳ˜H 5 sec.B 8 sec./$ 





ƌD(×39 Ğ) > step5. 95 10 sec. > step6. 65 3 min > step7. Melt Curve 65 to 95 
ˇ°ľ2 fold change lmn-1(n)
;$3 tba-1(α-gw)2 fold change ÄHīǺ/ǙʎòHʂ'$¸ ȗ$x
M~3ʄ 3 /ʖʱ$ 
 
ɗʔʒǃ 
Ð*2ġ/ʄʖE*DǓǺʜŠ3 standard error of the mean (SEM)Hʄ*D 
Ð*2ġ2ɗʔʒǃ3ÌˍɡÝƦÝǃ(ANOVA)HʂDunnett’s post hoc tests for 
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 WD-40 repeats All amphid and phasmid sensory neurons except BAG and AFD
 IFT complex B All amphid, phasmid sensory neurons, inner and outer labial neurons
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 novel protein ASH, ASI, PHA, PHB
	 Nuclear hormone receptor AWA
 cGMP gated channel alpha subunit AFD, ASE, ASG, ASI, ASJ, ASK, AWB, AWC, BAG, URX
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